The process of technology commercialization involves numerous hurdles, from the original idea to its translation into the market. Patenting brings to light the research activities created through university-industry collaborations. This paper explores patent propensity, as related to commercializing innovative activities resulting from collaborations between universities and regional small and medium enterprises (SMEs). To achieve our aims, we apply a robust regression analysis to test five research hypotheses using firm-level data on 263 firms located in the Gwangju region of Korea. Our empirical results show that certain industry characteristics are negatively related to the propensity to patent. In addition, and contrary to expectations, it is found that the InnoBiz firms that the government designated as innovative SMEs are not performing any differently from general firms. It is only the CEO's academic credentials that are found to be positively related to propensity to patent. From the findings, we can conclude that patenting propensity is likely related to CEOs' managerial strategies rather than the particular characteristics of the technology in question. We also suggest new technology commercialization related with universities' policies and support to promote regional SMEs including conglomerated firms as well as universities.
Introduction
To stay ahead in an era of incredibly rapid change and stiff global completion, firms have had to pursue access to exclusive resources, such as new knowledge. As a consequence, industryuniversity collaboration has emerged as a sustainable enabling solution for technology transfer and commercialization, and as a fertile breeding ground for new inventions [1] [2] [3] [4] .
Universities have important roles to play and contributions to make to the creation of knowledge and technology at the economic and social levels of a nation. University-industry collaboration may begin in response to a firm's need for new technology, or conversely, when new knowledge generated within a scientific field yields practical applications. By means of this collaboration, it is possible to make a bridge for the exchange of new knowledge and technologies generated within the university, and the real-world practice and marketing experience of particular organizations [5, 6] . Numerous prior studies argue that university-industry collaborations, in particular where these are formed within science and technology-based industrial sectors, should be recognized as an important impetus for economic growth [7] . Reference [6] argued that the more experience accumulated by biotech with university partners, the greater the performance impact of these university-industry collaborations, while [8] demonstrate that firms located in proximity to universities are likely to grow faster than other firms thanks to university-industry collaboration. In particular, these collaborations have the potential to act as a bridge in transforming academic discoveries into commercially successful innovations [6] . 
Patent Propensity and Innovative Firms
Patents can contribute to a firm's performance through improvements in innovation, productivity and market value [22, 23] , and patent-based indicators are increasingly used to assess the rate of innovative activities. Of course, it is well-known that not all inventions are patentable and that not all patentable inventions are actually patented. At the level of the firm, an increasing number of empirical works have explored the characteristics in a particular firm which increase the likelihood of innovation within it and enhance its productivity [24] . As mentioned earlier, patent propensity varies across industries. Reference [25] demonstrated differences in patent propensity by industry, ranging from 50% in primary metals to 86% in petroleum and machinery, in a survey of 100 manufacturing firms in the United States. The knowledge and technology stream is at the core of university-industry collaboration. The intensity of a knowledge stream can be influenced by the strategic approach of an industry partner. University-industry collaboration affects strategic initiatives by, for example, combining competences, sharing resources and distributing risks. Reference [21] argue for four collaboration types according to the rate of application of knowledge and the degree of complementariness of knowledge, namely the Knowledge Chain Model, the Business Network Model, the Research Network Model and the Learning Network Model. The core of all four of the collaborations is a knowledge and technology stream that flows according to the partner's purposes. In the Knowledge Chain Model, knowledge can be acquired and then integrated into the supply chain by an actor's interest in sharing. The purpose of the Business Network Model is to acquire complimentary knowledge in order to achieve a strategic common goal. Likewise, the Research and Learning Network Model aims to exploit the increased knowledge and innovative capability of their participants. In fact, in order to discover new knowledge to help stay afloat in competitive markets, within the Research and Learning Network Model, a firm must purpose to seek new knowledge and applications. These are pursued by means of university-industry collaboration, which can take on various forms. In particular, a technology transfer office (TTO) functions as an intermediary to enable collaboration between the university and firms.
Patents can contribute to a firm's performance through improvements in innovation, productivity and market value [22, 23] , and patent-based indicators are increasingly used to assess the rate of innovative activities. Of course, it is well-known that not all inventions are patentable and that not all patentable inventions are actually patented. At the level of the firm, an increasing number of empirical works have explored the characteristics in a particular firm which increase the likelihood of innovation within it and enhance its productivity [24] . As mentioned earlier, patent propensity varies across industries. Reference [25] demonstrated differences in patent propensity by industry, ranging from 50% in primary metals to 86% in petroleum and machinery, in a survey of 100 manufacturing firms in the United States.
Studies of European firms have confirmed such industry variations and have additionally demonstrated that patent propensity is lower for process innovations than for product Sustainability 2017, 9, 1808 4 of 16 innovations [17, 26] . Patent protection is commonly held to be more effective in general for product innovation than process invention because the latter is more difficult to reverse engineer [18] . Based on a survey of 1300 Dutch manufacturing firms, [26] showed that patent propensity was higher among R&D-centered firms and [19] found that patent numbers correlated linearly with R&D; in other words, the more a firm invests in R&D, the more patents it registers. In addition, R&D expenditures contribute to increased diversification of activities, making SMEs more competitive [27] .
Reference [23] found that a firm's propensity to patent increases their technology leads in industries in which reverse engineering is relatively easy; that is, if a firm is highly successful but threatened by low-cost imitations, it is more likely to patent because it has more to lose. Reference [19] found that if R&D facilities are located geographically close to a firm, that firm is likely to have higher patent propensity. The regional government of Gwangju, which is located more than 390 km from the capital, Seoul, has, since 2001, been endeavoring to attract public R&D facilities to the region; as a result, there are many R&D facilities including the Korea Photonics Technology Institute in the region. According to findings by [9] , more innovative firms are likely to search for new knowledge created at universities, and in fact, InnoBiz SMEs participate in more industry-university collaborations. InnoBiz firms are recognized by the Korean government as innovative. This, taken with the literature review above, leads to the following hypothesis: Hypothesis 1. InnoBiz firms are more likely to have patent propensity than general SMEs.
The SMEs' Own Research Capacity
One of the most commonly measured types of innovation activities is R&D intensity. In the Triple Helix Model, the location of a firm is important both in terms of positioning it to access knowledge spillover from universities and in terms of reducing costs [8] . Firms in an optimal location also showed more positive R&D intensity [9] . Reference [19] defined R&D intensity as a firm's patent to R&D investment ratio. Similar to Scherer's definition, R&D intensity has commonly used the ratio of investment in research and development to turnover or total sales. In order to effectively fulfill the innovation output, inter-and intra-organizational structure and relationships are important [28] . The same study also demonstrates that in order to boost firm growth, a firm must have effective internal organization, such as that of a research institute. The functions of research institutes vary, but may include the discovery of suitable strategies for diversifying activities, which have been shown to be vital for firm survival, the forging of strategic cooperative ties between firms working together on R&D projects, the absorption of external knowledge and increasing the capacity to implement complementary strategies with other firms or R&D institutions [29] .
Reference [30] found that within firms, a centralized R&D institute and long-term incentives for managers predict more heavily cited and original patents, suggesting that centralized R&D is more conducive to original research. Reference [31] found that a centralized R&D division will generate innovations that have a larger and broader impact on subsequent technological evolution compared with decentralized research. Existing small firms located in rural areas often lack their own research institutes. This is not the case, however, with InnoBiz firms, where an established in-house research division is a mandatory requirement for obtaining InnoBiz certification. Nevertheless, some small firms have their own research laboratories and allotted research budget in spite of financial difficulties. In capturing the firm's own research activities, this paper formulates the following hypothesis: 
Firm Size and Age
As mentioned above, SMEs are likely to look for new knowledge from universities, in particular those located in their vicinity [9] . Of course, this will vary according to the characteristics of the firm.
A number of previous studies discuss a positive relationship between firm size and patent propensity. Reference [25] surveyed 100 U.S. firms and showed that patent propensity increases with firm size, and in an empirical study of Europe's 604 largest industrial firms, patent propensity was found to be positively correlated with the size of the firm. [17, 19] showed that patent propensity differs according to industry characteristics, firm size and the geographic location of R&D facilities. In addition, Reference [19] conducted a survey of 2777 innovative firms in the 1920s and 1930s, and emphasized that patent propensity depended on whether R&D facilities exist or not. Reference [32] found, using financial, geographic, and patent data, that patent propensity was closely related to firm size.
Many firm-level studies have investigated firm growth, and [28] have concluded that smaller firms grow more rapidly than larger ones; in the context of SMEs, larger, older firms will be expected to grow less than smaller, younger ones, and therefore, we can expect that there will be a negative correlation between size and growth, and between age and growth. Small or young firms tend to have higher patent-to-R&D ratios than large firms [33] . One part of the explanation could be that small firms have higher R&D yields but lower patent propensities than large firms. Another factor could be that innovation activities in large firms are underestimated when measured with patent statistics, whereas innovation activities in small firms are underestimated when measured by R&D statistics. Based on the above considerations, we formulate the following hypothesis:
Hypothesis 3. Older firms show greater patent propensity than younger firms.
Industry Sector and Innovation Type
Reference [34] argued, based on a review of the relevant literature, that SMEs' innovative activities are more likely to involve product rather than process innovation, more likely to focus on niche rather than mass markets and more likely to involve linkages to external resources. Small firms are also more likely to patent, license, and convince investors and banks of the value of their inventions [35] .
Innovative small firms typically have specialized technology strategies that concentrate on product innovation for specific producers' goods, such as machine tools, scientific instruments, specialized chemicals, or software. Their key strategic strength centers around their ability to match technology with specific customer requirements, while key strategic tasks include finding and maintaining a stable product niche, and benefiting systematically from user experience. Reference [25] found that patent propensity varied depending on a firm's characteristics, for example, their industry, ranging from 50% in primary metals to 86% in petroleum and machinery; the patentable invention-per-R&D ratio thus varies by industry. Reference [17] showed, by using a survey of 604 European industrial firms, that propensity to patent varied by industry, e.g., for product innovations, the propensity ranged from 8.1% in textiles to 79.2% in pharmaceuticals. Patent propensity is higher for product innovations (average 35.9%) than process innovations (average 24.8%). Reference [36] argued that innovation types (e.g., technology driven sectors such as biochemical and material sectors etc.) are closely related with patent propensity.
Reference [19] showed that firms in the 1920s and 1930s were more likely to patent than modern R&D firms. Industry, firm size and geographic location of R&D facilities are important determinants of the propensity to file for at least one patent. The literature review above suggests the following hypothesis: Hypothesis 4. Industry sector's innovation types are related to patent propensity.
CEO's Academic Career
Patenting is an important managerial activity. Reference [37] found that protection for property rights encouraged innovation activities. In this context, CEOs may manage their firms in order to boost innovation by means of strong protection of property rights. Reference [38] also showed that more competition increased patent propensity and R&D investment aimed at enhancing a firm's absorptive capacity.
The skill-set of a CEO comprises both observable and quantifiable characteristics, such as education and work experience, as well as unobservable and potentially non-quantifiable characteristics, such as leadership and team-building skills. Managers make a number of strategic choices when attempting to recover returns from innovation investments, including which appropriation strategy to use and whether or not to patent; these are some of the strategic choices that depend on firm size among other factors. Interestingly, [39] showed that a CEO's age was related to innovation performance in Korea. Namely, young CEOs are likely to have higher performance than their older CEO counterparts, and young CEOs are likely to have better academic credentials than their older counterparts.
A CEO's education potentially impacts their ability in three non-mutually exclusive ways. First, education could potentially contribute to the CEO's knowledge, perspective and ability to understand technical and abstract concepts. Second, a higher level of education could be a sign of the CEO's ability to persevere in challenging intellectual activities. Finally, the social networks acquired in college and graduate schools can be helpful professionally in future innovative ventures. As discussed above, however, a CEO's education is just one of the indicators of a CEO's ability. It is a priori unclear how much impact the CEO's education has on the performance of the firm. The concept of entrepreneurship is neither entirely clear in the literature nor commonly agreed upon despite its long history, arguably dating back to the seventeenth century. However, here, entrepreneurial SMEs are defined as SMEs that base their businesses on new or improved technologies and/or that are newly established or have new or improved means of commercialization and growth. Thus, the preceding literature review suggests the following hypothesis:
Hypothesis 5. CEOs' academic and career credentials are positively related to patents as innovation output.
Other Control Variables
We used multiple control variables in our analyses, the selection of which were guided by previous findings in the literature. For instance, we controlled for the number of researchers in this paper; if a firm has a research division, the number of researchers already affects the firm's patent activities, in that a researcher still works primarily in a research role rather than in product development or marketing, and thus, given our sample, we controlled for the number of researchers.
Data and Research Methodology
As described above, the object of this study was to establish the relationship between innovative firms and patent propensity among firms in Gwangju that had engaged in any form of industry-university collaboration. The assembled dataset was composed of 15 variables that served as ways of characterizing each firm, including financial performance, over the three years from 2012 to 2014. We considered the regional industry conditions and collected data from the automotive parts and machinery, electronic and electricity, and photonics industries, accounting for form representativeness.
The data set is unique. We collected the patent data from the Korea Institute of Patent Information (KIPI), an affiliated public institute of the Korean Intellectual Property Office. The KIPI has been designated as a specialized institute that provides information on industrial property rights to build an information infrastructure for Korea's intellectual property. We obtained the data for the independent variables (e.g., R&D intensity, firm age, CEO's academic degree and number of researchers) from the Korean Investment Service, a Moody's affiliate, and the Korean Small and Medium Business Administration (SMBA). The SMBA has supported Korea's SME-led innovation, as a dynamo of the national economy. Its primary mission has been to foster challenging and innovative SMEs in order to maximize Korea's growth potential. In particular, SMBA's regional branch office keeps data such as CEOs' career histories, where firm employees come from, each firm's financial state and main product lines. We utilized these data to analyze innovative outputs as a means of complementary data.
The data came from 263 firms that had participated in industry-university collaboration programs more than once within a decade, collected from official databases and covering the period from 2012 to 2015. This formed an appropriate sample for the exploration of our research hypotheses, given that these SMEs are well-known for their high entrepreneurial and manufacturing capabilities. Concerning firm size, we used SMBA's definition that an SME has fewer than 350 employees; the firms for our analysis employed from 1 to 303 workers, with a mean of 36. One hundred and twelve firms (43%) held InnoBiz certification. The frequency distribution of the industry variables was 151 (58%), 51 (19%) and 61 (23%) firms in the automotive parts and machinery, electronics and electricity, and photonics industries, respectively; the distribution ( Figure 2) shows that Gwangju was home to the largest automotive firm, KIA, and thus, the first and second tiers of KIA are comprised of more than 50% of the regional firms. Figure 2 shows that the ratio of industry is balanced in representing the regional firms. As a global car maker, KIA has been pivotal in its contribution to the regional economy and its growth; there are many automotive product SMEs in this particular value chain. Traditionally, the electronics and electricity industry has been the second largest contributor to Gwangju's regional economy. Medium Business Administration (SMBA). The SMBA has supported Korea's SME-led innovation, as a dynamo of the national economy. Its primary mission has been to foster challenging and innovative SMEs in order to maximize Korea's growth potential. In particular, SMBA's regional branch office keeps data such as CEOs' career histories, where firm employees come from, each firm's financial state and main product lines.
We utilized these data to analyze innovative outputs as a means of complementary data. The data came from 263 firms that had participated in industry-university collaboration programs more than once within a decade, collected from official databases and covering the period from 2012 to 2015. This formed an appropriate sample for the exploration of our research hypotheses, given that these SMEs are well-known for their high entrepreneurial and manufacturing capabilities. Concerning firm size, we used SMBA's definition that an SME has fewer than 350 employees; the firms for our analysis employed from 1 to 303 workers, with a mean of 36. One hundred and twelve firms (43%) held InnoBiz certification. The frequency distribution of the industry variables was 151 (58%), 51 (19%) and 61 (23%) firms in the automotive parts and machinery, electronics and electricity, and photonics industries, respectively; the distribution ( Figure 2) shows that Gwangju was home to the largest automotive firm, KIA, and thus, the first and second tiers of KIA are comprised of more than 50% of the regional firms. Figure 2 shows that the ratio of industry is balanced in representing the regional firms. As a global car maker, KIA has been pivotal in its contribution to the regional economy and its growth; there are many automotive product SMEs in this particular value chain. Traditionally, the electronics and electricity industry has been the second largest contributor to Gwangju's regional economy. From the raw data, we found that the ratio of InnoBiz firms-43%-was relatively high, particularly in view of the fact that InnoBiz certification began only in 2001; we can assume that young firms with less than ten years of operation are mainly InnoBiz firms. The data also suggests that young firms could be more innovative than others: considering the number of patents for each firm in the three years of the study, younger firms had more patents than older firms. Thus, InnoBiz firms are likely to engage in more innovative activity and to generate more patents. The Korean government selected the photonics industry as one of its high-tech industries for the 21st century and has established plans for substantial investment and systematic promotion of this industry, and in its 2001 regional economic policy, the central government designated Gwangju as a photonics industry complex area in order to boost the regional SMEs. The Korea Association for Photonics Industry Development (KAPID) was established with the purpose of developing South Korea's photonics industry and promoting and expanding relevant businesses. As part of the government's strong support, the KAPID was set up as a major civil organization to promote the industry, a high valueadded cutting-edge industry based on new technologies.
As mentioned above, in accordance with the government's plan to promote the photonics industry, the nation's largest photonics-oriented industrial complex was established in Gwangju. From the raw data, we found that the ratio of InnoBiz firms-43%-was relatively high, particularly in view of the fact that InnoBiz certification began only in 2001; we can assume that young firms with less than ten years of operation are mainly InnoBiz firms. The data also suggests that young firms could be more innovative than others: considering the number of patents for each firm in the three years of the study, younger firms had more patents than older firms. Thus, InnoBiz firms are likely to engage in more innovative activity and to generate more patents. The Korean government selected the photonics industry as one of its high-tech industries for the 21st century and has established plans for substantial investment and systematic promotion of this industry, and in its 2001 regional economic policy, the central government designated Gwangju as a photonics industry complex area in order to boost the regional SMEs. The Korea Association for Photonics Industry Development (KAPID) was established with the purpose of developing South Korea's photonics industry and promoting and expanding relevant businesses. As part of the government's strong support, the KAPID was set up as a major civil organization to promote the industry, a high value-added cutting-edge industry based on new technologies. As mentioned above, in accordance with the government's plan to promote the photonics industry, the nation's largest photonics-oriented industrial complex was established in Gwangju. Table 1 shows that relatively few firms (84 out of 263, 32%) had a research division, considering that 112 firms were InnoBiz certified; the data suggests that some of the InnoBiz firms do not have a research division, and certainly, just because a firm has a research division does not mean it is innovative. The average firm age was 12 years, which is relatively young. With regard to the CEOs' academic credentials, only a few had PhDs. For the photonics industry, cutting-edge technology and pure science knowledge are required, and it can be expected that the higher the CEO's credentials, such as a PhD, the greater the likelihood of their innovation success, but only 28 CEOs had a PhD. Interestingly, more than half of the firms in our data set had no patents; many firms have not been seeking to obtain patents as an important innovative output from the data description. Table 2 reports the summary statistics of the data. The correlation matrix of the dependent and independent variables (Appendix A) showed that the correlations among the independent variables were not strong, suggesting that multicollinearity and confounded effects were not a serious problem. where the subscript i indicates firm, ResFun, Age, ResDiv, Researcher, InnoBiz, IndCode and CEOdeg are research fund, age of firm, research division, InnoBiz certified, industry code and CEO degree, the β's are the effects of the explanatory variables on the number of patents and ε is an error term that captures the effects of left-out variables, measurement error in patents and random events. IndCode and CEOdeg are categorical variables. For the purpose of conducting a sensitivity analysis of the relationships between patents and the explanatory variables, we estimated approximations to multiple models using multivariate regression analysis and ordinary least squares (OLS) with robust standard errors. The results are presented below.
In summary, the hypothesis that InnoBiz firms are more creative in patents than general SMEs (H1) was statistically rejected. SMEs' research funds and having a research division are important in patent propensity in terms of SMEs' performance, which was also statistically rejected with respect to the research institute (H2). The hypothesis that older firms show greater patent propensity than younger firms (H3) was statistically insignificant and thereby rejected. The industry sector's characteristics are related to its patents (H4) was significantly negative for both the automotive parts and machinery, and electronics and electricity industries. Finally, Hypothesis 5 that CEOs' academic careers are related to patents was statistically significantly positive for CEOs with PhDs but not below.
Results and Implications
Patents are frequently considered to indicate the outputs of research and development, and they can be considered useful in valuing the output of research activities. However, there are some shortcomings to patents as an indicator. For example, some companies or individuals may not want to disclose the results of their research in order to preserve exclusive or monopoly rights to their invention or innovation. In this paper, we tested five research hypotheses; in order to elaborate on the empirical findings, we also used interviews. Table 3 presents the empirical results from our patent propensity model estimates. In investigating Hypothesis 1, we found that InnoBiz firms being more creative in patents than general SMEs, was statistically rejected. As we mentioned previously, InnoBiz firms were designated by the government as more innovative than general SMEs based on their innovative performance, which was assessed based on the Oslo manual's standardized list of innovation and innovativeness indicators. Thus, once an SME obtains InnoBiz certification, it is considered an innovation-driven firm, and as such, this finding was unexpected. Of course, innovation output can be measured by various aspects including patents and share of sales attributed to new products and processes. In light of the interesting findings of Holgersson's study, the result for Hypothesis 1 is somewhat understandable. Reference [40] conducted a survey on patenting and entrepreneurship in the United States and analyzed the responses of 1332 early-stage technology companies that had been founded since 1998. In the findings from that study, the traditional theory that patents provide an incentive to invent was subtly adjusted; surprisingly, the start-up executives' responses indicated that patents generally provide relatively weak incentives to conduct innovative activities. Previous research findings show that in order to boost growth, a firm needs to have good internal research organization and capacity including a research division [28] . However, Hypothesis 2 that having a research fund and a research division are important in patent propensity in terms of SMEs' performance was also statistically rejected with respect to having a research division. In other words, it can be assumed that firms' research divisions may not pursue patenting but instead focus on other performance activities such as designing new product lines and creating new marketing strategies.
As mentioned above, the functions of research divisions vary and include identifying suitable strategies for diversifying activities for firm survival, strategically cooperating with other firms with respect to R&D projects, absorbing more external knowledge [41] and building capacity to implement complementary strategies with other firms or R&D institutions [31] . Second, it can be assumed that research divisions may not facilitate research and development but may give priority to survival strategies as do other management divisions. According to the interviews with researchers, there are a number of reasons for not seeking patent protection: the technology may not be patentable; the costs may be too high to prosecute and enforce the patent; there may also be the perception that with reverse engineering, patents afford relatively weak protection; and there can be the fear of disclosure. However, a somewhat expected result was that having a research fund and a number of researchers as control variables was positively related with patenting significantly.
Small or young firms tend to have higher patent-to-R&D ratios than large ones; one explanation could be that small firms have higher R&D yields but lower patent propensities than large firms. Another explanation could be that innovation activities in large firms are underestimated when measured with patent statistics whereas those in small firms are underestimated when measured by R&D statistics.
Hypothesis 3, that older firms show greater patent propensity than younger firms, was found to be statistically insignificant and thereby rejected. Considering the data analysis, we expected this finding given that more than 80% (157) of the younger firms that were less than ten years old had no patents. Even though young firms are more likely to invest in R&D through collaboration, the rejection of Hypothesis 3 maybe explained by unmeasured variables such as external effects. Based on the discussions with entrepreneurs and researchers, the most common reasons start-ups chose not to patent their innovations included not wanting to disclose the information; the cost of obtaining the patent, including attorneys' fees; that competitors could easily invent around the patent; that they believed a trade secret was adequate protection; the cost of enforcing the patent, including court actions; that they did not believe the technology was patentable; and that they had no need for legal protection. The literature review showed that [25, 42] found patent propensity to vary by firm characteristics, and the patentable-invention-to-R&D ratio varied across industries.
Hypothesis 4, that a firm's characteristics are related to its patents, was significantly negative for both the automotive parts and machinery, and electronics and electricity industries. Based on the discussion with entrepreneurs and researchers, we found that regardless of firms' characteristics, the reasons they did not want to patent were the cost of filing and the belief that the technology was not patentable; this finding shows that compared with industry conditions in neighboring regions such as Changwon, Gwangju is lagging behind. Our analysis of the raw data for the automotive parts and machinery industry showed that these firms originated in automotive mold manufacturing, and the mold industry has been known as the representative industry in Gwangju; in general, in the mold industry, what is important is not patenting but manufacturing with cost competitiveness. We found that core automotive and machinery parts were brought from SMEs in the Changwon area rather than Gwangju. In order to improve the automotive industry tier systems, there have recently been a number of InnoBiz firms started up with support from the local government. Electrical and electricity SMEs in Gwangju show far fewer patents than those in Changwon over the three years of the study period. However, it is interesting that electrical and electricity SMEs are notably highly productive in patenting. The local government has focused on nurturing the household robot industry in the next generation of growth engines based on the existing infrastructure, including the production technology of the biggest home appliance cluster in the country. In particular, in order to boost the household robot industry, a specialized center was established in 2011.
Surprisingly, in this study, the automotive parts and electronics and electricity industries had fewer patents. According to the information gathered through personal interviews, this finding could be attributed to KIA, a Korean car maker, and Samsung. The automotive industry is characterized by a vertically integrated structure at the center of the assembler; if a small firm as the first and/or second tier of the assembler cooperates with a car maker, this firm should follow the car maker's requirements. Therefore, small firms appear not to implement their own managerial strategies for innovation; rather, they are likely to be subordinates of the car maker. In other words, instead of using their own innovation strategies spontaneously, SMEs mainly focus on the car maker's requirements. That is, small firms are primarily interested in enhancing their comparative cost advantage, and as such, many SMEs are less likely to patent. Another reason for the smaller number of patents in the automotive parts industry is that assemblers require parts to be continuously produced for more than ten years once production begins, regardless of the possibility of a hiatus or cessation in car production. Nevertheless, it is very difficult to catch up with the development of new car models so that they keep in line with old products. Importantly, car makers do not like SMEs with patent propensity strategies, as revealed by the interviews. However, the appliance factory pulled out in 2008, and SMEs collaborated with Samsung to change their product lines; thus, we found no clustering effect from cooperative innovation in the empirical results.
Gwangju is located south of Seoul and has relatively few firms compared with other industrial cities in Korea; except for KIA, a large automotive firm that is representative of Korean automotive firms along with Hyundai, there are only a few firms. Since the beginning of 2000, the central government has been providing support in order to bring about a revitalization of regional industry, but in Gwangju, the most rapidly expanding industry is the photonics industry, which, owing to public policy support, has been growing rapidly since 2001. As of 2014, 364 firms and more than 8000 new employment opportunities had been created over the previous ten years. In that sense, these firms should be more innovative than other industry sectors, but we found no evidence for higher patent propensity in the photonics industry.
Managers make numerous strategic choices when attempting to capture returns from innovation investments, including a determination that the appropriation strategy is used and whether or not to patent, strategic choices that depend on the firm size among other things. A CEO's education potentially impacts his or her abilities in three non-mutually exclusive ways. First, education could potentially contribute to the CEO's knowledge, perspective and ability to understand technical and abstract concepts. Second, higher education could be a sign of the CEO's intellect and ability to persevere through challenging intellectual activities. Finally, the social networks acquired in college and graduate school can be helpful professionally in the future. As discussed above, however, education is just one of the determinants of a CEO's ability. Hence, it is a priori unclear how much impact CEO education has on firm performance.
Hypothesis 5 that CEOs' academic careers are related to patents displayed a statistically significant positive correlation for CEOs with PhDs, but not for those with lower level degrees, a finding with important implications. First, CEOs who have a doctoral degree may tend towards innovation. In reviewing the previous studies, patents can contribute to firms' performance through improvements in innovation, productivity and market value. In contrast, a CEO's academic background is not related to the performance of the firm in Korea [35] , but age is related in that younger CEOs are likely to perform better than older CEOs. Younger CEOs are also more likely to have higher academic degrees (e.g., more than 90% of CEOs of venture firms in Korea have PhDs) than their older counterparts. One reason for the higher academic credentials in Gwangju is likely to be the presence of the photonics industry. In addition, it is commonly known that the photonics industry is innovative, and as such, there are many InnoBiz (designated innovative) firms in Gwangju compared with other regions in Korea.
Gwangju city has nurtured the photonics industry by promoting it as a strategic regional industry since 2000, and has established an international photonics industry cluster where industrial, academic and research functions are integrated based on a high-tech scientific industrial zone structure; here, photonics-related InnoBiz firms established by CEOs with PhDs enhance the national photonics development technology infrastructure. This resulted in the establishment of the Advanced Photonics Research Institute, which includes the Korea Photonics Technology Institute. From the empirical results of this study, we note that the research fund to turnover ratio, the number of researchers, and high-caliber CEOs are positively related to patent production and are statistically significant. This paper is distinct from prior studies in that this empirical analysis focused on the perspective from the point of view of firms, because it is firms which are the main agent in the commercialization of technology. In the majority of previous studies, technology transfer and commercialization were analyzed according to characteristics of the university (e.g., public vs. private, size, location, research driven) or the presence of a university technology transfer office [8, 9, 42] , as well as the effects on technology transfer and commercialization by organizational function.
Final Remarks and Policy Suggestions
Little is known in empirical terms about patenting resulting from university-industry collaboration. Patents have been used to study a broad range of measures reflecting the performance of a firm, such as growth and survival. The ultimate policy goal with respect to industry-university collaboration (IUC) is to enhance the firm's innovation strength. According to the empirical results it is only the CEO's academic credentials that are found to be positively related to propensity to patent regardless of industry sector and innovation types. Patent propensity is likely to relate to the underlying managerial decision of whether to apply for patent protection for an invention or not. Empirical findings also reveal that a patent is an effective way to technology transfer from universities into firms. One reason for this might be the fact that patenting is related to technology commercialization. In a dynamic setting, to promote collaboration activities, policy supports are needed. Since the industry-university collaboration law was enacted in 2003, the promotion of industry-university collaboration has been a major regional innovation policy in Korea. Just one year after this, the policy program, New University for Regional Innovation (NURI) was enacted, with the aim of regional development stimulated by central government. Even though universities are the new knowledge creators as both partners and facilitators of small medium enterprise (SME) innovation, the key players that can directly contribute to regional development are SMEs located within specific regions. This is because the primary role of universities is to teach and to conduct basic research. In order to nurture SMEs, taking Korea's industry ecology system into consideration, large firms are important partners for technology commercialization.
Under NURI, the roles of the university should be enlarged according to the Triple Helix Model, in that a university becomes a catalyst linking small firms and large firms. This is because according to the in-depth interview, a small or new regional venture firm can be expected to face many difficulties meeting business partners for technology commercialization. Based on data from the in-depth interviews, what is desperately needed in launching the market for SMEs on a regional basis is not only technology transfer, but support for the new policy, such as sharing risk systems (e.g., information about new markets, market trends and market competition conditions).
It is a time of incredible technological change. SMEs look to the source of new knowledge for commercialization each day. Knowledge transfer in industry-university collaboration can be either formal or informal [43, 44] . While patenting propensity is likely to depend on the formal channel of knowledge transfer (i.e., contract), informal channels (i.e., personal contacts) between industry and academic researchers also have the potential to influence commercialization [45] . Universities have conspicuously expanded their missions from their original task of preserving knowledge to producing new technology and developing and disseminating new knowledge to the firms for their use. Knowledge sharing between universities and firms is critical to keep sustainable growth for both.
Technology commercialization often demands collaboration between two or more functional units that are separated by structural, cultural and organizational boundaries. The author suggests intellectual property rights alliances (IPR ALLIANCE) among universities as a bridge connecting university and industry. IPR alliance, offering patent strategic services for small firms without sufficient capabilities using the innovation outputs, can be an important hub for commercialization partners with firms. IPR Alliance can play a strategic win-win role for both universities and industries. It can be a new regional innovation ecosystem.
One of the limitations of this study was the narrow scope of patents used as a means of unveiling the knowledge from university-industry collaborations, despite the wide variety of methods associated with knowledge transfer and commercialization. Patenting propensity is also more likely to depend on managerial aspects. Even though a firm has new inventions instead of patenting, know-how or secrecy also can be associated with knowledge transfer. However, this may act as a stimulus for additional research directed specifically towards the commercialization processes relating to universities.
